Haemophilus strains isolated from children under the age of 1 1 months with conjunctivitis were characterised by biotype, sugar fermentation, plasmid pattern and outer-membrane-protein profiles. H. influenzae was the most common species identified and was separated into 14 groups based on sugar fermentation and biotype patterns and into more than 20 groups when plasmid and outer-membrane-protein profiles were included. Small (mol. wt < 10 x lo6) plasmids were identified in I 1 of 34 (32%) H. injluenzae isolates, 1 of 2 H. haemolyticus and 4 of 6 (67%) H. parainjluenzae isolates. Examination of sugar-fermentation and plasmid patterns increased the ability to distinguish between strains isolated at different times from recurrent disease and may have general applications in the study of Haemophilus strains isolated from a single anatomical site.
Introduction
Purulent conjunctivitis is the most common infection in the first month of life (Center for Disease Control, 1982; Sandstrom et al., 1984) . Chlamydia trachomatis, Neisseria gonorrhoeae and herpes simplex virus are recognised infectious causes of neonatal conjunctivitis (Pierce et al., 1982; Sandstrom et al., 1984) . In a recent study in Seattle we showed that several other microbial pathogens, including Haemophilus spp., Staphylococcus aureus, Streptococcuspneumoniae and enterococci, could be implicated (Sandstrom et al., 1984) . Initial clinical manifestations were not correlated with the isolation of a specific pathogen. Haemophilus spp. and Str. pneurnoniae were isolated more frequently from children with dacryostenosis and dacryocystitis. Both Haemophilus spp. and S. aureus were the most common organisms cultured from inflamed eyes (17x of isolates) but were rarely cultured from controls (2% of isolates). Persistent or recurrent conjunctivitis was observed in 30% of patients with eye cultures positive for Haemophilus spp. In many cases Haemophilus spp. were isolated at each visit and it was difficult therefore to distinguish between antibiotic treatment failure and reinfection in these patients. To address this question we have further characterised these Haemophilus isolates to determine if a combination of tests could differentiate one strain from another.
Media
The medium used for the growth of the strains consisted of supplemented Brain Heart Infusion broth (3.5% w/v; BHI) and GC Base Agar (Difco) supplemented with (1 ml) glucose 4.0 mg, glutamine 50-0 pg, ferric nitrate 5.0 mg, thiamine pyrophosphate 0.01 pg, Lhistidine 20.0 pg, haemin 20.0 pg, and ,!I-nicotinamide adenine dinucleotide 20.0 pg (Roberts et al., 1981) .
Biochemical tests
Criteria for speciation were those described by Kilian (1976) . X and V factors were separately incorporated into the agar medium. Growth on X-or V-supplemented agar plates was compared with growth on media supplemented with both and with growth on media used for the porphyrin test (Kilian, 1976) . The relationship between H. aegyptius and H. infuenzae is not clear and no distinction between H. infruenzae biotype 111 and H. aegyptius was made in this study.
Biotyping. This was performed in triplicate by the Minitek system (Back and Oberhofer, 1978) to determine indole production and the presence of urease and ornithine decarboxylase. In this system, reagent-impregnated disks are placed in wells seeded with 0.05 ml of a suspension of the test organism (lo8 cfu/ml in BHI) overlaid with sterile mineral oil and incubated overnight in ambient conditions. A positive test is determined by a colour change of the disk.
Amino-acid requirements. These tests were performed in duplicate as previously described (Roberts et al., 1981) by use of a chemically-defined medium and media lacking one of the following components: tyrosine, glycine, serine, leucine, isoleucine, valine, alanine, lysine, proline, tryptophane, threonine, phenylalanine, asparagine, glutamine, histidine, or methionine.
Carbohydrate fermentation. This was assayed in triplicate (Kilian, 1976; Tiller, 1982) . Phenol Red Broth base (Difco) supplemented with X and V factors and fructose, xylose, maltose, sucrose or glucose, all at 1% w/v, were prepared as described by Kilian (1 976) .
Minimal inhibitory concentrations. MICs were determined for ampicillin, tetracycline, chloramphenicol, kanamycin, erythromycin, trimethoprim and sulfamethoxazole. The definition of resistance was that previously used by Syriopoulou et al. (1979) .
All cultures were incubated at 37°C and, except those in phenol red broth, were incubated in an atmosphere of COz 5% v/v in air.
Ser o typing
Haemophilus injluenzae antiserum types a-f (Difco).
Serotyping was performed in duplicate with Bacto

Outer-membrane proteins
Outer-membrane-protein profiles were obtained by the methods of Loeb and Smith (1980) . Cultures were grown to late log phase and cells collected, washed and sonicated. Cell envelopes were prepared by differential centrifugation and extraction with Triton X-100 2% v/v and the proteins were separated on SDS-PAGE gels containing 10% w/v acrylamide.
Agarose gel electrophoresis of plasmid DNA Cleared lysates of bacterial strains were prepared and samples electrophoresed through agarose (0.7% w/v) gel as described by Roberts et al. (1980) .
Characterisation of Haemophilus isolates
The 34 H. inJuenzae and six H . parainfluenzae isolates examined were able to grow on the complete chemically-defined medium and on all 16 media lacking any one of the amino acids. This demonstrated that all the strains had similar amino-acid requirements and did not require the amino acids tested. H . haemolyticus grew poorly on the defined media and we were unable to accurately assess their amino-acid requirements. One H . injluenzae strain was resistant to tetracycline and chloramphenicol; the other strains, from all three species, were sensitive to all seven antibiotics. Three H . influenzae strains were encapsulated (one type b and two typed). 
The H . inJuenzae isolates included five biotypes, biotypes I1 and 111 being the most common. The H . haemolyticus strains produced urease but not ornithine decarboxylase or indole. All the H . influenzae and H . haemolyticus strains fermented glucose; the H . parainjhenzae strains fermented both glucose and sucrose. The carbo hydra te-fermen ta tion typing system proposed by Tiller (1982) is listed in table I. We have added pattern F which has not been previously described and we could type all three species using this system. The combination of fermentation pattern and biotype divided the H . influenzae strains into 14 groups, H . parainfluenzae strains into four groups, and H . haemolyticus strains into two groups (table 11). The ability to ferment fructose, maltose and xylose (D) was the most common pattern for tetracycline and had DNA sequences related to previously described plasmids (data not shown) (Roberts et al., 198 1) . One H . haemolyticus and four (67%) H . parainfluenzae strains carried small plasmids.
Outer-membrane-protein profiles for H . influenzae and H . parainfluenzae strains were examined. The isolate from the conjunctiva of an infant who developed purulent conjunctivitis at age 2 days was compared with the strain isolated from the endometrium of his mother. The mother developed endometritis 1 day post partum. Both H . injuenzae isolates were biotype IV, and fermentation pattern D. Both lacked detectable plasmids and had very similar outer-membrane-protein profiles, suggesting that they were identical. both H . infiuenzae and H . parainfluenzae.
Plasmids were identified by agarose-gel electrophoresis in 1 1 (32%) H . influenzae isolates. All
Comparison of Haemophilus strains isolated from recuvrent disease carried small plasmids (mol. wt < 10 x 10". A single strain also carried a plasmid of mol. wt 32 x lo6 which encoded resistance to chloramphenicol and Recurrent disease is common, regardless of antibiotic therapy. Isolates from infants with recurrent disease were characterised by biotype, sugar-fer- 
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Discussion
The differences in morphology and trooleandomycin susceptibility have been suggested as characteristics which can distinguish between the two species H . injluenzae biotype 111 and H. aegyptius (Mazloum et al., 1982) . However, the use of morphology was not adequate in our laboratory to differentiate the two species. Not enough data exist on the stability of trooleandomycin susceptibility and its limited availability made it impractical to carry out this test on our strains. Tiller (1982) has shown the variability of xylose fermentation in H. injluenzae of all biotypes and no other characteristic unequivocally distinguishes between the two species (Kilian, 1976 and 1980; Mazloum et al., 1982) . Additionally the high degree of DNA homology (90%) between H. injluenzae and H. aegyptius suggests that they represent a single species (Albritton et al., 1984) and therefore no distinction was made between them in this study.
Serotyping has been used for the past 40 years to distinguish between strains of H . influenzae (MacPherson et al., 1946) . More recently the use of ornithine decarboxylase, urease and indole for biotyping has been introduced (Kilian, 1976) . The utility of biotyping in the clinical laboratory is limited by the correlation between serotyping, biotype and site of isolation. Thus most strains isolated from a single anatomical site tend to have the same serotype and biotype (Kilian, 1976; Albritton et al., 1978; Matthews et al., 1983; Kilbourn et al., 1984) . Outer-membrane-protein profiles are able to distinguish between strains of H. injluenzae with the same biotype (Barenkamp et ul., 1981; Loeb and Smith, 1980 ) but many laboratories are not equipped to perform this test. Fermentation patterns have recently been proposed as a subtyping method to be used with serotyping and biotyping (Tiller, 1982) .
In this study we classified Haemophilus species isolated from neonates with conjunctivitis by the above methods and also by determining patterns of antibiotic susceptibility, growth on defined media and plasmid profiles to discriminate between strains of the same biotype and serotype.
We found the Minitek biotyping system to be simple and reproducible. The characteristics of urease, ornithine decarboxylase and indole production appeared stable after subculturing and after freezing at -70°C. Antibiotic susceptibility patterns were identical for 98% of the strains, regardless of the species, and not useful for subtyping in this study. Similar findings have been described for other gram-negative bacteria (Schaberg et al., 198 1 ; Holmberg et al., 1984) . Auxotyping has been a useful epidemiological tool in the study of N . gonorrrhoeae (Catlin, 1973) but it was not of value with these strains.
H. influenzae was the most common species isolated in the study and had a biotype distribution similar to those of previous reports. Five different biotypes were represented, but 76% were either biotype I1 or biotype 111. Three strains were encapsulated with serotypes b or d. Fermentation of fructose, maltose and xylose, together with biotyping, was able to divide the species into 14 groups. The predominant fermentation pattern for these conjunctival isolates was D, whereas pattern A predominated in the respiratory and cerebrospinal isolates studied by Tiller (1982) . In many of our patients with recurrent haemophilus infection, the combination of biotype and fermentation pattern was enough to demonstrate that different strains were isolated at different sampling times.
Previously we have shown that no one procedure for plasmid release was able to demonstrate all the plasmids present in clinical strains of H. injluenzae (Roberts and Smith, 1980) . The procedure used in the present study has been shown to identify about 70% of the plasmids and it is possible therefore that some plasmids were missed. However, the plasmids identified were reproducibly isolated and their presence was not influenced by subculturing or freezing. The high incidence of small plasmids carried by H . influenzae (32%) was unexpected and compares with the rate of 16% found in genitourinary isolates of H. influenzae reported by Albritton et al. (1982) . It is significantly higher than the 2-5% rate reported in respiratory, CSF and blood isolates (Laufs and Kaulfers, 1977; Albritton et al., 1982) and suggests that populations of H. influenzae isolated from different anatomical sites differ significantly in plasmid content.
Considerably less work has been done in characterising H . parainJuenzae and H. haemolyticus (Kilian, 1976 and 1980 et al., 1981) . The addition of plasmid profiles to fermentation and biotype patterns increased the number of subgroups to 20 and 6, respectively, for H. influenzae and H . parainjluenzae. If outer-mem braneprotein profiles were included, further subdivision was possible. The combination of all these phenotypic features enabled H . injluenzae and H . parainfluenzae to be placed into a large number of groups and was useful in studying recurrent infant conjunctivitis due to Haemophilus species.
Using these tests, we examined seven patients with recurrent disease. In two patients the isolates were identical for all characteristics examined, which suggests that the original strain was cultured at each visit. In the other five patients, two or more characteristics were different for strains of the same species isolated at different times. This suggests reinfection with different strains rather than persistence of the original strain. We found the addition of carbohydrate-fermentation and plasmid profiles useful in distinguishing strains of the same biotype. Both tests could be performed easily with limited new equipment. The addition of these two tests was shown to be useful in differentiating Haemophilus strains isolated from infant conjunctivitis and may have more general applications in studying Haemophilus strains isolated from a single anatomical site, or strains with the same biotype isolated from different sites in a single patient. 
